Abstract: This paper examines the price impact of changes in the FTSE 100 index composition. We focus on the latter index because it employs publicly-known objective criteria to determine membership and hence it provides a natural context to investigate anticipatory trading effects. We propose a panel-regression event study that backs out these anticipatory effects by looking at the price impact of the ex-ante probability of changing index membership status. Our findings reveal that anticipative trading explains about 40% and 23% of the cumulative abnormal returns of additions and deletions, respectively. We confirm these in-sample results out of sample by tracking the performance of a trading strategy that relies on the addition/deletion probability estimates. The performance is indeed very promising in that it easily dominates a passive strategy that buys and holds the FTSE 100 index.
Introduction
This paper examines price and volume reactions to entering or leaving the FTSE 100 index.
We focus on the latter index for a number of reasons. First, membership depends exclusively on relative market capitalization. As the latter is public information, changes in the index composition are in principle devoid of information. This is contrast to membership in the S&P 500 index, which could well convey information about a stock's future performance given that the Standard & Poor's also minimizes turnover in index composition (see, e.g., Jain, 1987; Dhillon and Johnson, 1991) . Second, the FTSE 100 index constituents are essentially very large UK-domiciled firms, accounting for about 85% of the market capitalization in the London Stock Exchange. As a result, it is not very compelling in principle to associate abnormal performance either with future increases in the monitoring of management (Denis, McConnell, Ovtchinnikov, and Yu, 2003) or with changes in investor awareness (Chen, Noronha, and Singal, 2004) . Third, we expect only very limited short-lived effects due to portfolio rebalancing of index funds given that the vast majority of the index-tracking funds in the UK actually track the FTSE All-Share index rather than the FTSE 100 index (Brealey, 2000) . Altogether, this makes the announcement of the FTSE 100 index composition a natural event for testing whether stocks indeed have perfectly elastic (i.e., horizontal) demand curves and whether investors anticipate index revisions.
The empirical findings in the literature are very much in line with a downward sloping demand curve in that inclusions/deletions command significant positive/negative wealth effects. On the one hand, Harris and Gurel (1986) and Blouin, Raedy, and Shackelford (2003) evince that demand curves for stocks slope down only in the short run, with index effects dissipating in the long run. This is consistent with the price pressure hypothesis, according to which temporary effects are essentially due to index-related trading. On the other hand, Scholes (1972) , Shleifer (1986) , Beneish and Whaley (1996) , Lynch and Mendenhall (1997) , Kaul, Mehrotra, and Morck (2000) , Wurgler and Zhuravskaya (2002) , and Blume and Edelen (2004) document permanent effects consistent with a long-term downward sloping demand curve. The latter implies that stocks are imperfect substitutes, contradicting to some extent the general notion that stock prices ensue from fundamental asset valuation. Ahern (2009a) puts forth two alternative explanations for why stocks exhibit downward sloping demand curves. The first considers a setup with asymmetric information, in which investors' demand for a stock becomes less sensitive to price movements if the available information is poor (Grossman and Stiglitz, 1980) . The second story is in line with Harris and Raviv's (1993) model of investors with heterogeneous beliefs. If investors form different opinions about the value of a stock given common information, their reservation values must then differ and, at the aggregate level, demand curves for stocks should slope down. The latter explanation is more plausible in the context of FTSE 100 index revisions. The index constituents are among the largest firms in the UK and hence it is hard to argue that the available information is poor.
Index revision also affects liquidity. The change in equity ownership composition due to index trading alters the proportion of liquidity-motivated trades as well as the degree of competition among informed traders (Kyle, 1985) . Accordingly, liquidity should increase for stocks that enter the index and decrease for stocks that exit the index. This impact in liquidity explains, at least partially, price responses to index revisions (Beneish and Whaley, 1996; Erwin and Miller, 1998; Hegde and McDermott, 2003; Gregoriou and Ioannidis, 2006; Chordia, 2008) . For instance, if the inclusion of a stock in the index leads to a lower bidask spread, stock prices should rise in a permanent fashion (Amihud and Mendelson, 1986; Brennan and Subrahmanyam, 1996) . The same applies to variations in trading volumes and quoted depths (Stoll, 1972) . As the latter measures of liquidity increase, there is a significant reduction in the direct cost of trading. Moreover, the information gap between informed and uninformed traders also shrinks, reducing the asymmetric costs of trading (Kim and Verecchia, 1994) . This paper contributes to this literature by carrying out an event study that explicitly controls for anticipatory effects and hence for selection bias. Additions and deletions do not occur to random stocks, unfolding respectively because of relative increases and decreases in market value within the previous quarter. Given that the number of shares outstanding is typically stable over time, market value rises and drops mostly due to share price changes.
Stocks with relatively high price increases (decreases) in the previous quarter are more likely to get into (exit, respectively) the FTSE 100 index. Standard event study analyses completely ignore this selection issue and hence presumably overestimate price and volume effects. 1 We account for anticipatory trading effects by means of a two-step panel-regression procedure. In the first step, we run panel probit regressions for each day in the pre-event window in order to estimate the conditional probability of a given stock to enter or leave the index in the next quarter. We thus end up with addition probability estimates for nonindex stocks as well as with deletion probability estimates for the index constituents for each pre-event day. In the second step, apart from the standard dummy variables for preand post-announcement days, we also include addition/deletion probability estimates in the panel-regression event analysis. The probit estimates adjusts the event study for anticipative trading, whereas the coefficients of the dummy variables entail selection-adjusted estimates for the pre-and post-announcement effects. Our approach is to some extent similar in spirit to Heckman's (1976 Heckman's ( , 1979 two-part estimation procedure to correct for sample selection.
The first step is indeed virtually identical. The only difference is that we have to run one probit model for each day within the pre-event window so as to cope with the time-varying uncertainty over index membership.
We unveil strong evidence in favor of a downward sloping demand curve even after controlling for the fact that investors can partly predict index revisions. The impact of index membership is not only strong, but also highly asymmetric. The latter is the only result we share in common with Chen, Noronha, and Singal (2004) . Differently to them, we show that the impact of index exclusions is much stronger than the effect of index additions. In addition, we find no evidence of price reversals after the announcement. As in Lynch and Mendenhall (1997) , we find that index revision commands a price impact that does not seem to revert even after 22 days of the event. In particular, the cumulative abnormal return (CAR) is of 13.34% for additions and -24.27% for deletions in the preevent window, whereas they are respectively 2.20% and -6.97% in the post-announcement 1 Brown, Goetzmann, and Ross (1995) make the same point about price run-ups for stock splits, whereas Copeland and Mayers (1982) and Dimson and Marsh (1986) argue similarly for the case of press recommendations on stock returns. See also Ahern (2009b) for a general discussion about selection bias within event study analyses.
window. However, once we control for anticipatory trading, the pre-announcement CAR decreases to 7.94% for additions and -18.66% for deletions, amounting to 40% and 23% reductions, respectively.
A liquidity-based explanation for the price impact of index revisions also does not seem to fit well in the context of the FTSE 100 index. A similar event analysis for volume uncovers a strong increase in the liquidity of the stocks that either enter or exit the index, even if one controls for anticipative trading. This is in stark contrast with previous results, such as Hegde and McDermott (2003) , though the differences are partly due to the shorter post-event window we employ in our analysis. Given that deletion claims a much higher price impact, it is difficult to argue that the abnormal performance of stocks joining the index is partly due to the rise in liquidity. Further analysis is obviously in need given that volume is just one of the many dimensions of liquidity and hence it would be interesting to see what happens, for instance, with market depth and the bid-ask spread.
Although we are the first to propose a methodology that explicitly accounts for anticipatory effects, there are a few papers that raise similar concerns (see, among others, Denis, McConnell, Ovtchinnikov, and Yu, 2003; Masa, 2007) . The usual fix is to employ post-event data for the estimation of the market model so as to alleviate the dependence between additions/deletions and the parameter estimates. However, it is virtually impossible to have a decent sample size within a post-event estimation window that does not feature contamination from the next quarter's index revision. Masa (2007) also examines whether traders attempt to anticipate these announcement effects by looking at nearly in/out stocks. These stocks display significant anticipatory trading, though post-announcement effects revert the pre-announcement returns almost exactly. In addition, taking their difference with respect to the truly added/deleted stocks as a measure of the selection-adjusted impact reflects a pointwise reduction of about 47% of the pre-announcement effects for additions and of 17.5% for deletions. Although we do not observe price reversals as in Masa (2007) , our estimates of the anticipatory effects are by a long chalk of similar magnitude.
Anticipatory trading aside, we still unveil significant price impacts for the index revisions. We thus ask whether it is possible to take advantage of these effects by means of a trading strategy. This is a very important question for a number of reasons. First, it is very difficult to pin down statistical significance of the anticipatory effects given that we focus on their impact on those very few stocks that are really likely to enter/exit the FTSE 100 index (rather than the usual average effect). Investigating their economic significance thus becomes even more important. In addition, examining the performance of a trading strategy requires a truly out-of-sample exercise as opposed to the purely in-sample event study. Finally, it is obviously interesting to understand per se whether it is profitable to exploit this index revision anomaly.
We first examine a very simple strategy in which we take a long position on the two stocks most likely to join the index and a short position on the two stocks with the highest chance to drop from the index in the next revision. After the announcement, we simply buy the additions, if any, and short the deletions, if any. Although this strategy seems to outperform the FTSE 100 index in the 2000s, it has two shortcomings. First, the turnover is very high and hence the profits evaporate once we control for transaction costs. Second, it turns out that most of the profits come from the short positions in periods of bearish markets. We thus modify the trading strategy slightly so as to circumvent these drawbacks.
To alleviate with the high turnover, we smooth the addition/deletion probability estimates at time t that we extract from the probit models by taking their average over the last three days. Smoothing makes the probability rankings more persistent and hence reduces the need for rebalancing the portfolio. In addition, to deal with the dependence of the short portfolio returns on the market cycle, we start taking short positions on the most likely stocks to exit the index only if the past 22-day return on the FTSE 100 index is negative.
The resulting strategy performs extremely well, outclassing a passive strategy that buys and hold the FTSE 100 index even after controlling for transaction costs in a very conservative manner.
The remainder of this paper ensues as follows. Section 2 provides some institutional background concerning the FTSE 100 index revision. Section 3 describes the event-study methodology we employ to account for anticipatory effects. Section 4 first describes the data and then reports the findings of the event study analysis. Section 4 shows how to build a trading strategy that takes advantage of the cumulative abnormal returns we uncover in the event study, whereas Section 5 offers some concluding remarks.
Eligibility and membership to the FTSE 100 index
The FTSE Europe/Middle East/Africa Regional committee meets quarterly to review the compositions of the family of FTSE indices. This happens on the Wednesday after the first Friday in March, June, September and December. There is a public announcement of the revisions in the index memberships right after the meeting, even if the actual revision occurs only on the next trading day following the expiry of the LIFFE futures and options contracts. The latter normally takes place on the third Friday of the same month.
The FTSE 100 index consists of the largest 100 eligible companies in the UK, measured by market capitalization value. Only premium listed equity shares that trades on the London Stock Exchange are eligible for inclusion in the FTSE 100 index. Other eligibility criteria include price, size and liquidity aspects, including the following among others. The rules for adding and deleting securities are designed to provide stability in the selection of constituents of the FTSE family of indices. At the quarterly reviews, a given stock will join the FTSE 100 index if its market value ranking rises to the 90th position or above among the eligible stocks, whereas a constituent will exit the index if its market value ranking falls to 111th or below. This set of rules ensures that the index reflects significant rises or falls in market capitalization and thus market representativeness.
Given that the number of constituents is constant for the FTSE 100 index, there are special rules for situations of imbalance between the number of additions and deletions. If a greater number of companies qualify to join the index relative to those qualifying to exit the index, the lowest ranking constituents will also exit the index to equate the number of additions and deletions. Likewise, if there are more deletions than additions, the FTSE committee will insert the securities of the highest ranking companies that are currently not in the index so as to match the total number of deletions. 2
Before moving to the event study analysis, it is important to stress once again that these rules are objective. They leave no discretionary power to the committee. This is very convenient because it rules out a situation in which index membership says something about the stock's future prospects.
Sample description and methodology
We consider changes in the index from June 1992 to March 2010. We exclude from the sample all unscheduled changes due to corporate action, such as mergers and acquisitions, yielding a total of 138 additions and 146 deletions. To estimate probit models for the addition probabilities within the pre-announcement window, we also include eligible stocks that are out of the index in the sample. To ensure that the samples for computing addition and deletion probabilities have similar sizes, we attempt to consider in the overall sample the largest 200 firms in the UK as measured by market capitalization. We use the largest eligible stocks in the London Stock Exchange that are not part of the FTSE 100 index in the estimation of the probit models for additions and the index constituents in the estimation of the probit models for deletions. Retrieving a complete data set from Thomson Reuters Datastream is not straightforward, though. We first have to control for stock splits when computing returns, volume rate, and market values. Moreover, the panel is unbalanced not only because of the variations in the market value, but also because of delistings, mergers and acquisitions. The latter events make it particularly difficult to keep the balance between the number of stocks in and out of the index.
Figure 1: Distributional features of the addition and deletion subsamples We plot the time series of the 5th, 25th, 50th, 75th and 95th quantiles of the daily returns, market capitalization and volume rate for the addition and deletion subsamples. Panels (A), (C) and (E) refer to the addition subsample, whereas Panels (B), (D) and (F) relate to the deletions sample.
Figure 1 depicts some key quantiles for the returns, market capitalizations, and volume turnovers in both subsamples over time. Stock returns show a similar behavior in both subsamples for the median and the extreme quantiles. The former is always very close to zero, whereas the magnitude of the tail quantiles increase by very similar amounts within periods of market uncertainty. In contrast, the interquartile range is clearly higher for the addition subsample, reflecting the fact that smaller caps are typically riskier. Not surprisingly, market capitalization is much lower for stocks out of the index than for index constituents. There is also a big difference in market value between the lower and upper tails within both subsamples. As per the time-series dimension, it is interesting to observe that the recent credit crunch has a much stronger impact on the smaller caps, even relative to the previous financial crises. Finally, the last panel plots the distribution of the volume rate since January 2000. It is striking how liquidity decreases substantially throughout the recent credit crunch. It is worth noting that liquidity tanks proportionally more for the most liquid stocks.
Regression-based event analysis
For the traditional event study, we employ a panel regression model with unit market beta for every stock and individual fixed effects. We include the latter to let at least alpha vary freely across stocks. As the committee meets every quarter to announce the index revisions, the event window ranges from 44 days before the announcement to 22 days after the announcement, with τ = 0 denoting the day of the committee meeting. This ensures that the post-event window after any committee meeting does not overlap with the preevent window of the next revision announcement. We then regress the excess returns on the individual stocks over the FTSE 100 index on dummy variables for pre-and post-event days (D τ,t for τ = −44, . . . , 22) as well as to addition/deletion dummy variables for each day within the event window:
where D A i,τ,t and D D i,τ,t with τ = −44, . . . , 22 are equal to D τ,t if stock i respectively enters/exits the index at τ = 0, zero otherwise. The addition/deletion dummy coefficients reflect the average abnormal return for every event time τ , e.g., γ A τ denotes the average abnormal return at calendar day t across stocks that join the index at time t − τ . To obtain cumulative abnormal returns (CAR) from τ 1 and τ 2 (−44 < τ 1 < τ 2 < 22), it suffices to sum up the corresponding dummy coefficients, namely,
γ A τ for additions and
Next, we propose a two-stage procedure to account for anticipatory trading effects. The idea is similar to the Heckit method for correcting sampling selectivity (Heckman, 1976; 1979) . We initially estimate a probit model for each day in the pre-event window to back out the conditional probability of a given stock to change its membership status in the next FTSE committee meeting. This results in addition probability estimates for the sample of stocks that are not in the index as well as deletion probability estimates for the sample of index constituents.
In the second pass, we merge the two subsamples to run the regression-based event study analysis. By construction, constituents have zero probability of joining the index, whereas stocks that are not in the index have zero probability of exiting the index. Apart from the standard dummy variables for pre-and post-announcement days, we then include addition/deletion probability estimates in the panel regression, yielding
with π A i,τ,t and π D i,τ,t denoting the probability at time t that stock i will respectively join/exit the index in the next index composition review at time t − τ . The idea is essentially that the probability estimates will capture the anticipative trading effects, whereas the coefficients of the dummy variables will entail selection-adjusted estimates for the pre-and post-announcement effects.
The average anticipatory effect is given by λ A τπ A τ for additions and λ D τπ D τ for deletions at any date prior to the meeting (i.e., τ < 0). Note that we must average the addition/deletion probability estimates both across stocks and over the calendar time. To obtain cumulative average effects from τ 1 and τ 2 (−44 < τ 1 < τ 2 < −1), one must then sum up the corresponding average impacts, namely,
τ for additions and
The interpretation of these average effects (cumulative or not) is a bit tricky, however. The addition/deletion subsamples include many stocks that are very unlikely to move into/out the index, hence taking averages of the individual impacts may severely underestimate the anticipatory trading effects. Instead, it seems much more sensible to assess the latter by evaluating the addition/deletion probabilities only for the few stocks that are most likely to change their membership status.
Our methodology also resembles the antitrust analysis of mergers based on McGuckin, Warren-Boulter, and Waldstein (1992) event-probability case study procedure. The goal of their event-probability approach is to analyze the effect of merger announcements on stock returns of rival firms using a regression in calendar time. McGuckin, Warren-Boulter, and Waldstein replace the usual event-window dummy in the standard market model with the change in the probability that the merger will indeed take place. They interpret the corresponding coefficient as the change in the value of the rival firm in case the merger happens. Their framework differs from ours in several aspects. First, we include both the event-window dummy variables and the revision probabilities as regressors in the market model for returns. By adding the addition/deletion probability estimates to the event study we aim to account for anticipatory effects. We keep the pre-event dummy variables in the specification so as to capture the price runs (either up or down) that lead to the change in the index membership status. Second, they show that the return to a rival firm depends on the change in the merger probability, so that one is back to the standard market model if there is no change in information about the merger likelihood. In the context of additions and deletions, what matters for the investors is the stocks with the highest probability to change their membership status. That is why we add the probability levels rather than their first differences into the specification. Third, whereas we run probit regressions to obtain the addition/deletion probability estimates, McGuckin, Warren-Boulter, and Waldstein back out the merger probability using a valuation technique that relies on the estimation of the standard market model for a sample period prior to the event window.
Probit specification for additions and deletions
To determine the potential regressors for the probit specifications, we build on the FTSE rules of index revision. We thus rank the stocks in our sample every day by their total market value and then compute the difference in market capitalization relative to the firms ranked at the 85th, 90th, 95th, 100th, 105th and 110th positions. In addition, we construct binary variables indicating whether the above differences in market value are positive or not. We also consider the current ranking and market value as well as the change in the ranking position since the last committee meeting. The latter is useful because it conveys information on whether the stock has been experiencing a price run relative to the eligible stocks since the last index membership review.
For each day in the pre-event window (τ = −44, . . . , −1), we then estimate the probability of a stock to enter the index as well as of a constituent to exit the index using a stepwise regression approach. The latter involves adding and/or deleting variables sequentially depending on their F-statistics. The advantage is that it ensures parsimonious probit models for every day within the pre-announcement window. The drawback is that statistical inference becomes nonstandard because of the sequentiality of the F-tests. The problem is that we could end up with probit models that fit the data well only within the sample period.
We have two reasons to believe that the benefits outweigh the limitations of the stepwise regression approach in our case. First, the in-sample estimates of the anticipatory effects are in line with previous results by Masa (2007) and hence they do not appear to be an artifact due to data mining. Second, the trading strategy analysis we carry out in Section 5
replicates out of sample the performance of the stepwise regression. See Hocking (1976) for more details on statistical inference within stepwise regressions and, among others, Baker and Haslem (1974), Jobson and Korkie (1983) , Fung and Hsieh (2000) and Agarwal and Naik (2004) for applications in finance.
FTSE 100 index revision impact and anticipatory effects
We start with the classical event study. what really matters is that we find no evidence of price reversal in the post-event window. Panels C and D document similar patterns for deletions. The CAR over the 44 days prior ro the announcement is of about -24.27%, whereas it is of -6.97% in the post-event window.
This implies that the price impact of exiting the index is much stronger than the price impact of joining the index. As before, there is no evidence of price reversals. Altogether, these preliminary results indicate that the impact of changing index membership status is permanent.
Figure 2: Average cumulative abnormal returns We depict the average cumulative abnormal returns for changes in the index composition from 44 days before to 22 days after the FTSE committee announcements based on the traditional event-study regression. Panels (A) and (B) refer to the pre-and post-event cumulative abnormal performance for stocks joining the index, whereas Panels (C) and (D) relate to corresponding figures for stocks that exit the index.
We next examine what happens with the cumulative abnormal returns if we control for the probability of changing the index membership status as in (2). We start with a brief discussion about the probit estimates we obtain for the likelihood of either joining or exiting the FTSE 100 index. The stepwise regression approach we employ to automatically select the variables that drive the addition/deletion likelihoods seems to work pretty well. The resulting probit models are not only parsimonious and congruent, but also very sensible as what concerns the choice of regressors over the different pre-event dates (and their signs).
The main drivers are the current ranking, the variation in the ranking since the last meeting, and the dummy variables indicating whether the current position is above 80th, 90th and 110th. The differences in market value relative to the firms at the 90th and 110th positions are also significant for the majority of the pre-event days. As expected, the predictive power of the probit models, as measured by the pseudo R 2 measure, increases linearly from about 25%-30% to 50% as the announcement date approaches. 4 the index. In fact, the probit estimates remain quite low up to the 90% percentile. It is striking how the not-so-large values of the 99% percentile are still about threefold the values of the 95% percentile. It is also interesting to observe that deletions are more predictable than additions in that their probit estimates are much larger for most days in the pre-event window. As expected, as the announcement approaches, the probit estimates become more divergent across stocks and hence the standard deviation increases. The skewness coefficient is nonetheless quite stable within the pre-event window, around 7 for deletions and slightly above 10 for additions (except to one day before the announcement).
Figure 3: Average cumulative abnormal returns adjusted for anticipatory trading effects We display the average cumulative abnormal returns for changes in the index composition from 44 days before to 22 days after the FTSE committee announcements based on the event-study regression including addition/deletion probability estimates. Panels (A) and (B) refer to the pre-and post-event cumulative abnormal performance for stocks joining the index, whereas Panels (C) and (D) relate to corresponding figures for stocks that exit the index.
We now turn our attention to the results of the event study after the inclusion of the probit estimates into the regression. Figure 3 shows that a large proportion of the ex-ante price impact of additions and deletions is actually due to anticipatory trading. The pre-announcement CAR now amounts only to 7.94% for additions and to -18.66% for deletions.
This means that anticipatory trading effects respond for respectively 40% and 23% of the price impact for additions and deletions. It is also apparent from Panels B and D that, as expected, adding the addition/deletion probability estimates into the event-study regression has virtually no effect in the CAR over the post-announcement window. We thus conclude that index revisions entail a significant price impact in the stocks that either join or exit the FTSE 100 index despite controlling for anticipative trading. Even if most of the response is prior to the FTSE committee review, we are unable to uncover any price reversal in the post-announcement window for both additions and deletions.
(A) (B) Figure 4 : Cumulative anticipatory effects We plot the cumulative anticipatory trading effects at different percentiles of the addition/deletion probability estimates in the pre-event window. Panel (A) refers to the impact of anticipative trading for the addition subsample, whereas Panel (B) illustrates the corresponding impact for the deletion subsample.
To better understand the impact of anticipatory trading, Figure 4 depicts how it varies with the percentile of the addition/deletion probability estimates. Panels A and B display very similar patterns. The average repercussion is quite close to zero for both additions and deletions. It turns out that the same actually applies to the anticipative effects evaluated at the median and third quartile of the probit estimates. The impact becomes more material if we employ the 95% percentile, yielding a cumulative effect of 4.61% for additions and of -8.37% for deletions. As we move to the 99% percentile, the impact of anticipatory trading on returns becomes very large, namely, about 14.18% for additions and -21.31%
for deletions. Given that the FTSE committee reviews normally change the membership status of at most 6 stocks (i.e., 3 additions and 3 deletions), it makes much more sense to assess the anticipatory trading effects by looking at the 95% and 99% percentiles than at the mean/median values.
The results so far indicate that index inclusions and exclusions entail significant wealth effects even after 22 days of the announcement. As in Chen, Noronha, and Singal (2004), we find that the price impact of a revision in the index composition is asymmetric. Perhaps surprisingly given previous results in the literature, we document that the CAR on deletions is much larger in magnitude than the CAR on additions. Given that the FTSE 100 index is about very large firms in the UK, attributing these wealth effects either to increases in monitoring or to changes in investor awareness is not very convincing. The certification hypothesis also does not hold much water because the FTSE index revision rules are 100%
objective. In addition, there is little price pressure in that most index-tracking funds in the UK focus on the FTSE All-Share index. Before concluding that stocks have downward sloping demand curves, it remains to check whether liquidity effects could also explain the market reaction to the FTSE 100 index additions and deletions. The next subsection examines this possibility.
Impact on market liquidity
To better understand what happens with market liquidity around the dates of the FTSE committee reviews, we carry out a further event analysis using the volume rate as the dependent variable. We measure the volume rate (or turnover) of a given stock by the ratio of the number of traded shares to the number of outstanding shares. The sample is shorter, ranging only from January 2000 to March 2010. As before, we start with a standard regression-based event study based on
where VR i,t denotes the logit of the volume rate (or turnover) of the ith stock time t and VO ftse,t is the total number of shares traded within the index at time t. We find that the impact in market liquidity is quite asymmetric in that volume increases much more for deletions than for additions, especially prior to the announcement. In particular, the cumulative abnormal logit of the volume turnover is about 7.70 for additions within the pre-event window, whereas it amounts to 18.74 for deletions. The asymmetry subsides considerably within the post-event window, with cumulative logit effects of about 5.96 and 7.15 for additions and deletions, respectively. 5
To control for anticipative trading effects in the market liquidity, we consider a second specification in which we include the addition/deletion probability estimates:
We then gauge the cumulative abnormal volume rate from τ 1 and τ 2 (−44 < τ 1 < τ 2 < 22)
by summing up the corresponding dummy coefficients, viz.,
γ A V,τ for additions and
In turn, the cumulative average anticipatory effect from τ 1 and τ 2 , with −44 < τ 1 < τ 2 < −1, is given by
As before, it is perhaps more informative to consider anticipatory trading quantile effects so as to focus on the few stocks that are most likely to change their membership status.
Figure 5 reveals that liquidity, as measured by the volume rate, increases for both additions and deletions even after we correct for anticipatory trading. As before, the preevent impact is massively asymmetric with cumulative logit effects of 6.94 for additions and 17.10 for deletions, whereas the post-announcement effects are more similar (viz., 6.17 for additions and 7.34 for deletions). Relative to the estimates we obtain without adjusting for anticipatory effects, we observe a reduction of about 10% in the pre-announcement cumulative logit effect as well as a slight increase of about 3% in the post-event impact on the logit of the volume rate.
The boost in the volume rate for stocks that enter the index is consistent with the liquidity-based explanation for cumulative abnormal returns for additions. However, this
(E) (F) Figure 5 : Cumulative abnormal volume rates and anticipatory trading effects We depict the average cumulative abnormal volume rates for changes in the index composition from 44 days before to 22 days after the FTSE committee announcements based on the event-study regression including addition/deletion probability estimates. Panels (A) and (B) respectively display the cumulative abnormal logit of the volume turnover for additions and deletions within the pre-event window, whereas Panels (C) and (D) plots the analogous statistics for the post-announcement window. Panels (E) and (F) reveals the percentiles of the anticipative trading effects for additions and deletions, respectively.
is only the half of the story. Stoll (1972) and Kyle (1985) predict that liquidity and, in particular, volume and market depth should decrease for stocks that exit the index given that tracking funds will not trade them anymore. The fact that the volume rate grows for deletions does not bode well for their liquidity theory. In fact, it is also the case that most index funds in the UK track the FTSE All-Share index and hence it is hard to believe that portfolio rebalancing due to index trading answers for such sizeable changes in liquidity.
In addition, alternative liquidity-based explanations based on trading costs (Amihud and Mendelson, 1986; Kim and Verecchia, 1994; Brennan and Subrahmanyam, 1996) do not seem to fit the data as well. Increases in the volume rate should bring about a hike in stock prices due to the lower costs of trading. In contrast, the cumulative abnormal returns and volume rates have opposite signs for stocks that exit the index.
We thus conclude that the wealth effects we observe for deletions are not consistent with liquidity effects and hence the cumulative abnormal performances we uncover for both additions and deletions are most likely due to downward sloping demand curves.
Taking advantage of the addition/deletion price impacts
Our in-sample results identify substantial wealth effects for changes in the FTSE 100 index composition. Accounting for anticipatory trading effects reduce, but do not eliminate them. It rests to see whether these results remain significant out of sample. In what follows, we develop a simple trading strategy that attempts not only to anticipate additions and deletions to and from the FTSE 100 index before the committee reviews, but also to capitalize on the post-announcement cumulative abnormal returns. We assess our anticipative trading strategy from January 2000 to March 2010 using rolling estimation samples that span three years of data. The first step is to re-estimate the probit models using lagged explanatory variables. Given that market values are somewhat persistent, the hope is that replacing contemporaneous with lagged regressors will not affect too much the predictive ability of the probit models. As before, we employ a stepwise approach to select the set of explanatory variables we will use for each day within the pre-event window.
The next step is to define how to take benefit from the addition/deletion probit estimates. We start with a very simple trading strategy. Prior to the announcement date, we take long positions in the two stocks most likely to join the index and short the two stocks with the highest deletion likelihoods. After the announcement, if necessary, we rebalance the portfolio so as to hold long positions in every stocks that moves into the index and short positions in all stocks that drop from the index. Preliminary results show that this very simple strategy outperforms the FTSE 100 index in the 2000s. There are three caveats, though. First, this is a period of bearish markets in the UK and so it does not take much to beat the FTSE 100 index. Second, the excess returns over the FTSE 100 index depend heavily on the short positions, which obviously perform particularly well in bearish markets. Third, the turnover of the strategy is too high due to the wide variation in the early rankings of the addition/deletion probit estimates. As a result, transaction costs eat away and ultimately eliminate the excess return over the buy-and-hold passive strategy.
To come around these shortcomings, we consider two adjustments to the above anticipatory trading strategy. We attempt to scale down the portfolio turnover by smoothing the addition/deletion probability estimates. In particular, we employ a three-day moving average of the addition/deletion probit estimates. The motivation is to increase the persistence in the probability rankings so as to lessen the rebalancing needs. Moreover, we also exploit the dependence of the short portfolio returns on the market cycle by shorting only if the past 22-day return on the FTSE 100 index is negative. More precisely, the trading strategy works as follows. We start with 100 in a cash account. At time τ = −30, we purchase the two stocks with most likely to join the index, as measured by the smoothed probit estimates in the addition subsample. If the 22-day return on the FTSE100 is negative, we also short the same amount on the two stocks with highest smoothed probabilities of moving out the index. The criteria are the same for every date in the pre-event window. We rebalance our portfolio every day there is a change in the first two positions of the addition/deletion probability rankings, always reinvesting the proceedings. Note that we also close the short positions if the 22-day FTSE 100 index return becomes positive, cashing in/out the proceedings. After the announcement, in the absence of uncertainty, we simply purchase the additions and short the deletions. We cash in the long positions after 15 days (i.e., τ = 15), whereas we close the short positions after at most 25 days (i.e., τ = 25). We revert all proceedings to the cash account and then wait for the next round of trading around the following committee review. Finally, in the absence of better measures of trading costs, we discount either 10, 20 or 30 basis points of every transaction we make. Given that we are dealing with stocks from large UK firms, we believe that the above costs are quite on the conservative side. Figure 6 : Performance of the anticipatory trading strategy The first two plots respectively display the cumulative returns to the portfolios that trade on the pre-event addition and deletion probit estimates from January 2000 to March 2010. The third and fourth plots depict the performance of the portfolios that trade on the the effective additions and deletions, respectively. The last plot gives the cumulative return on the overall portfolio considering different trading costs (viz., 10, 20 and 30 bps) as well as the cumulative return to a passive strategy that buys and holds the FTSE 100 index. Figure 6 shows that the resulting strategy performs very well, achieving a much higher cumulative return than simply buying and holding passively the FTSE 100 index. The turnover is much lower and, as such, the performance is much more robust to transaction costs. Indeed, excess returns over the FTSE 100 index are significantly positive even assuming very conservative costs of trading. Interestingly, it turns out that every component of the adjusted trading strategy entails excess return. Given that we trade only around FTSE committee review, there are many instances in which we have only cash in the portfolio, entailing a zero return. 6 The peaks in the long and short portfolios within the pre-event window are thicker than the ones in the post-announcement window due to the difference in their lengths. Table 2 summarizes the main distributional features of the returns on the trading strategy. For the sake of comparison, we also report the corresponding statistics for the excess return over the FTSE 100 index as well as for the returns on the latter. The average return of our trading strategy is threefold the average return of the passive strategy. The standard deviation is also higher due to the fact that there is not much diversification going on.
Interestingly, although there is a large positive difference between the maxima of the active and passive strategies, the difference between their third quartile is negative. Apart from inflating the spread in the data, the extremely high returns we observe for the anticipative trading strategy also lead to a very large positive skewness and excess kurtosis. In contrast, the distribution of the FTSE 100 index returns is much more symmetric, even if it exhibits some excess kurtosis. The Box plots in Figure 7 manifest this difference in the degrees of asymmetry and leptokurtosis. Table 2 also reports some risk and performance measures. In particular, the anticipative trading strategy entails a market beta of 0.5498, showing that it has much less systematic risk despite the higher standard deviation. As for the performance measures, the annualized Jensen's alpha is pretty large at 45.89%, though it is only borderline significant at the 10% level. Treynor and Black's (1973) appraisal ratio (or information ratio), as measured by Apart from the mean, standard deviation, skewness and kurtosis of the returns on the anticipative trading strategy and on the FTSE 100 index, we report the values of their minimum, first quartile, median, third quartile, and maximum. We consider a transaction costs of 20 basis points. In addition, we also relay the corresponding figures for the excess returns of the anticipative trading strategy over the the FTSE 100 index. Lastly, we compute some daily performance and risk measures for the active trading strategy, namely, market beta, Jensen's alpha, appraisal ratio, and Sharpe ratio. The latter is the ratio of alpha to the residual volatility within the CAPM regression. annualized alpha divided by the annualized residual volatility in the CAPM regression, is of 56.47%. This is very close to Grinold and Kahn's (1999) out-of-sample estimate of the third quartile of the appraisal ratio of the after-fee data on active equity mutual funds in the US. The Sharpe ratio of the active strategy is almost threefold the one of the FTSE 100 index despite the higher standard deviation. Note that the Sharpe ratio is actually a very conservative performance measure of our anticipative trading strategy if one considers the latter's very large positive skewness. For instance, the difference in the Sortino measures, which standardize the average returns by the semi-variance (rather than the standard deviation), is indeed even more extreme.
FTSE
It is perhaps difficult to assess the statistical significance of the cumulative abnormal returns and anticipative effects for the changes in the FTSE 100 index composition. However, the above out-of-sample analysis manifest their economic relevance given the excellent performance that we observe for our anticipative trading strategy.
Conclusion
We show that additions and deletions to and from the FTSE 100 index command significant wealth effects from 44 days before to 22 days after the committee review meetings. Most of the impact is within the pre-event window, with cumulative abnormal returns stabilizing after the announcement. Anticipatory trading responds for a substantial part of these effects, viz., 40% for additions and 23% for deletions. We thus develop a simple trading strategy that attempts to anticipate the outcomes of the FTSE committee review so as to take advantage of these cumulative abnormal returns. The out-of-sample analysis indicates that such a trading strategy easily outperforms a passive strategy that tracks the FTSE 100 index even after controlling for transaction costs in a very conservative manner.
There are several explanations for addition/deletion effects in the literature. We deem that our results are most likely due to downward sloping demand curves for a number of reasons. First, the FTSE index membership rules are completely objective and hence it does not make much sense to speak about the certification hypothesis. Second, the FTSE 100 index is about the largest firms in the UK. It is thus hard to sell that the repercussion in stock prices stems from further monitoring in the future or from changes in investor awareness. The latter is also not in line with the fact we find no evidence of price reversal in the post-announcement window. Third, most of index-tracking funds in the UK follow the FTSE All-Share index rather than the FTSE 100 index. This means that passive portfolio rebalancing should not affect much FTSE 100 index revisions and hence the pricepressure hypothesis does not hold much water. Fourth, the liquidity-based explanation predicts that rises in the volume rate should lower transaction costs, therefore increasing prices permanently. This is in stark contrast with what we observe for stocks that exit the FTSE 100 index. Their stock prices actually go down in a very substantial manner as their Figure 7 : Distribution of the active and passive trading strategy returns We characterize by means of Box plots the distribution of the returns and excess returns on the anticipative trading strategy over the passive strategy that simply buys and holds the FTSE 100 index from January 2000 to March 2010.
volume rate grows, especially in the pre-event window. It is important to stress, however, that the volume rate is just one dimension of liquidity and hence one should also look at other liquidity indicators, such as market depth and bid-ask spread, before completely ruling out liquidity-based causes for these addition/deletion effects.
